The study examined Symptom Validity Test (SVT) performance in a sample of military service members on active orders as a function of evaluation context. Service members were assessed in the context of either a pending disability evaluation (Medical Evaluation Board; MEB) or a non-MEB/clinical evaluation. Overall, 41.8% of the sample failed the Word Memory Test; however, significantly more individuals in the MEB group (54%) failed the measure relative to the non-MEB/clinical group (35%). Regardless of group membership, SVT performance had a notable impact on neurocognitive test scores as measured by effect sizes. SVT performance was less strongly associated with self-reported psychological symptoms as gauged by the Personality Assessment Inventory. The current results are discussed in light of previous research on SVT performance in veteran and active duty samples.
Introduction
In recent years, the significance of Symptom Validity Testing as a necessary element of neuropsychological assessment has gained increasing acceptance (Bush et al., 2005; Heilbronner et al., 2009) . Such a position is substantiated, in large part, by the accumulating number of studies demonstrating that effort has a more pervasive influence on neurocognitive testing than do clinical or demographic factors (Constantinou, Bauer, Ashendorf, Fisher, & McCaffrey, 2005; Fox, 2011; Green, Rohling, Lees-Haley, & Allen, 2001; Green, 2007; Moss, Jones, Forkis, & Quinn, 2003; West, Curtis, Greve, & Bianchini, 2010) . For instance, Meyers, Volbrecht, Axelrod, and Reinsch-Boothby (2011) demonstrated that 50% of the variance in a full neuropsychological test battery was accounted for by failure on a comprehensive system of internal Symptom Validity Tests (SVTs). In another study, Stevens, Friedel, Mehren, and Merten (2008) demonstrated that effort (as measured by various stand-alone measures) accounted for 35% of the variance of performance in domains of processing speed, memory, and intelligence.
The issue of SVT failure and the subsequent suggestion of suboptimal effort are relatively new to U.S. military and veteran populations, at least in regard to the published literature. Armistead-Jehle (2010) found a 58% failure rate on the Medical SVT (MSVT; Green, 2004) in 45 U.S. veterans referred clinically for the evaluation of possible post-concussive symptoms. Axelrod and Schutte (2010) administered the MSVT to a mixed clinical sample of 286 veterans. These authors reported that 47% of the sample failed the MSVT based on "easy" subtest performance. Young, Sawyer, Roper, and Baughman (2012) examined a sample of 259 veterans completing the Word Memory Test (WMT; Green, 2003) . The investigators noted a 44% failure In contrast to these studies, a handful of other investigations have not found a relationship between SVT failure and psychological symptom reporting (Demakis, Gervais, & Rohling, 2008; Haggerty, Frazier, Busch, & Naugle, 2007; Sumanti, Boone, Savadnick, & Gorsuch, 2006) . Specific to a veteran sample, Armistead-Jehle (2010) found no difference between those veterans with a history of mild TBI who passed and failed the MSVT on several PAI validity scales to include the Negative Impression Management (NIM), Rogers Discriminant Function, and Malingering Index.
The current paper has several aims. First, to expand the findings of Nelson and colleagues (2010) and Armistead-Jehle and Hansen (2011) by evaluating the base rates of SVT failure in two groups of active duty military members: those seen for neuropsychological evaluation in the context of a pending Medical Evaluation Board (MEB) and those evaluated in a non-MEB/ clinical context. We hypothesized that the base rate for SVT failure in those pending an MEB would be significantly higher than those seen in a clinical context. Next, the study aimed to extend the research on the impact of cognitive effort measures on neuropsychological testing by analyzing the effect sizes of SVT performance on the neuropsychological test battery. Given that previous research has consistently demonstrated the notable impact of cognitive effort measures on neurocognitive test performance, we predicted medium to large effect sizes across neurocognitive testing. The final aim of the study was to evaluate the relationship between cognitive SVTs and self-report measures of psychological symptoms. To our knowledge, the only studies to examine this relationship in an active duty military sample are Lange and colleagues (2012) and Jones, Ingram, and Ben-Porath (2012) . Based on their conclusions, we predicted that those who failed cognitive effort measures would demonstrate significant elevations on psychological self-report measures.
Methods Participants
The study included a convenience sample of 335 U.S. military service members on active duty orders assessed by means of a neuropsychological evaluation in an outpatient TBI clinic located at a Southeast U.S. Army Medical Facility between July 2009 and August 2011. The average age and education of the sample was 32.3 (SD ¼ 7.7) and 12.85 (SD ¼ 1.7) years, respectively. Ethnicity of the sample was predominantly Caucasian (77.3%), with 11.3% African American, 7.8% Hispanic, and 3.6% other. The preponderance of the sample was men (95.5%). The majority of the sample was active duty Army (77.3%), with a subsection being Army National Guard or Army Reserve Soldiers on active orders (18.8%). The remainder of the sample (1.5%) consisted of active duty members of the Navy, Air Force, or Marines. With regard to the military grade, 29.3% were lower enlisted (i.e., E1 -E4), 64.5% were senior enlisted (i.e., E5-E9), and 6.3% were officers. Regarding injury status, as data for this retrospective study came from a TBI clinic over 98% had a history of TBI with the vast majority (i.e., over 95%) classified as mild (ACRN, 1993) . The remaining few cases had a history of other diagnosis that may have impacted neurocognitive functioning, such as heat stroke and possible transient ischemic attack. Of those with a history of TBI, the average time since injury was 30.5 months (SD ¼ 25.8). Regarding psychiatric conditions, a number of individuals carried primary Axis I diagnoses of Post-Traumatic Stress Disorder/other anxiety (58.6%), Adjustment Disorder (11.9%), or Depression (7.5%). No individuals had a current diagnosis of any psychotic disorder.
All patients were tested by the second author or a trained neuropsychology technician under the supervision of the second author. For select analyses, participants were divided into two groups: (a) those in the process of a MEB and (b) those seen in a non-MEB/clinical context. An MEB is an evaluative process that a service member undergoes when he or she may no longer meet the retention standards of his or her branch of the U.S. Military. If the service member is deemed to no longer meet retention standards he or she can be medically separated from service, with this separation typically being associated with benefits. As a service member is considered for medical separation the entirety of any current or past diagnoses are thoroughly evaluated such that secondary diagnoses are also considered. Consequently, while the primary reason for a potential medical discharge may not be related to neuropsychological functioning (i.e., an orthopedic injury or psychiatric diagnosis), service members can undergo a neuropsychological evaluation as part of their medical board if there is any history or indication of an insult that may have affected brain functioning. In the current study, MEB referrals were sent for neuropsychological evaluation through administrative channels in the Physical Evaluation Board process. Participants were referred for non-MEB/clinical evaluation by the health center's primary care or behavioral health clinics. Prior to all evaluations, the patients gave consent for the assessment and were instructed to provide their best effort across the tests administered. The examiner remained in the room at all times throughout the evaluations. All participants spoke English fluently and the testing was conducted in English. This retrospective analysis of clinical data was approved by the Institutional Review Board at Walter Reed National Military Medical Center.
Measures
Patients were administered a fixed-flexible battery of neuropsychological tests with specific measures chosen as a result of the clinical nature of the evaluation and the temporal restrictions sometimes associated with assessment conduced in the clinical environment; consequently, not every participant was administered exactly the same battery of measures. Mitrushina, Boone, Razani, and D'Elia (2005) . Verbal fluency task norms were obtained from Gladsjo and colleagues (1999) .
The WMT (Green, 2003 ) is a computer administered verbal memory test with multiple subtests designed to assess verbal memory, effort, and response consistency. Twenty semantically related work pairs are presented twice for examinees to learn. Directly after the learning trials, Immediate Recognition (IR) memory is tested. Subsequent to delay, Delayed Recognition (DR) memory is assessed. This is then followed by a serious of subtests comprising Multiple Choice (MC), Paired Associate (PA), and Free Recall (FR) formats. In addition to these five subtests, a consistency (CNS) score is calculated to gauge recall consistency across select trials. Failure on the WMT was defined as performance below the cut score on the IR, DR, and/or CNS subtests as defined in the test manual. The IR, DR, and CNS subtests are considered the initial measures of symptom validity and have been termed the "easy subtests." As a result of their difficulty relative to the easy subtests the MC, PA, and FR subtests are referred to as the "hard subtests." When one or more easy subtests are failed, further analysis of the complete WMT profile and presenting clinical factors is then recommended to determine if genuine memory impairment or suboptimal effort is more likely. When at least one easy subtest is failed, the mean of the easy subtests is subtracted from the mean of the hard subtests. The magnitude of this difference is high (i.e., ≥30) in true impairment but low in simulators. The examination of the easy-hard subtest difference has been found to discriminate adequately between those with and without a genuine memory impairment; with genuine memory impairment often found in patient samples diagnosed with dementia or other conditions that prohibit independent living. Further, order violations (i.e., superior performance on relatively difficult subtests compared with easier ones) have also been shown to differentiate between patients with genuine memory impairment and those offering suboptimal effort (Chafetz, 2008; Green, 2003; Howe & Loring, 2009 ). The interpretive instructions of the WMT manual dictate that performances below the specified cut scores on IR, DR, and CNS subtests be evaluated for a Genuine Memory Impairment Profile (GMIP). In those who meet the GMIP criteria, the individual's functional capabilities related to safe independent living should be evaluated to determine if a GMIP would be reasonable. Any participants meeting these GMIP criteria were removed from analysis. A number of studies have demonstrated the utility of the WMT in the discrimination between those with genuine memory impairment and those simulating impairment in a range of patient samples (e.g., Green, Lees-Haley, & Allen, 2002; Hartman, 2002; Wynkoop & Denney, 2005) .
The PAI (Morey, 1991) is an actuarial measure of personality and emotional functioning that consists of 344 items answered on a 4-point Likert format that render 22 non-overlapping scales. The measure renders four primary validity scales (Inconsistency, Infrequency, Positive Impression Management, and NIM) and several supplemental validity scales. Two supplemental validity scales, the Malingering Index and Roger's Discriminant Function, were employed in the current study. The PAI also renders 18 clinical scale and 31 clinical subscales. Clinical scales of interest for the current evaluation and patterned after those of the Lange and colleagues (2012) investigation included: Somatic Complaints, Anxiety, Anxiety-Related Disorders, Depression, Mania, Paranoia, Schizophrenia, Borderline Features, Antisocial Features, Alcohol Problems, Drug Problems, Aggression, Suicidal Ideation, and Stress. The psychometric properties of the PAI have been well established (see, e.g., Kurtz & Blais, 2007; Morey, 2003) .
Procedures
In an effort to reduce the number of pairwise comparisons and therefore limit the potential influence of family-wise error, individual neurocognitive measures of ability were grouped into domains to arrive at an average composite T-score (see Table 1 for the composition of each domain). In order to assess the overall impact of SVT performance on neurocognitive test performances and self-reported symptoms, the participants were first divided into two groups, those who passed the WMT (n ¼ 195) and those who failed the measure (n ¼ 140). Neurocognitive domain scores as well as PAI scores were compared between these two groups. In an effort to assess the impact of SVT performance among those pending a medical board (n ¼ 117) and those seen in a non-MEB/clinical context (n ¼ 218), the sample was divided into these two groups and performances on neurocognitive and self-report inventories were again compared as a function of WMT performance. Given the multiple pairwise comparisons a Bonferroni correction was applied. For the neurocognitive domains, an a was set at 0.008. For the PAI comparisons, the a was set at 0.003. All statistical procedures were completed using SPSSw version 17.0.
Results
When the entire sample was divided into groups based only on WMT performance, there were no significant differences in age
). When the sample was divided into those evaluated in the context of an MEB and those evaluated in a non-MEB/clinical context, there was also no difference in terms of age
There was however a significant difference in time since injury, with those undergoing an MEB having a greater time (in months), since injury (
27. Such a difference is logical given that the MEB process can take time to unfold.
WMT subtest scores among those who passed and failed the measure are reported in Table 2 . In total, 41.8% of the sample (140 service members) failed the WMT. Individuals performing below the specified cut scores on IR, DR, and CNS subtests were evaluated for a GMIP. Of those who met the GMIP, the functional capabilities in terms of Activities of Daily Living and Instrumental Activities of Daily Living were evaluated to determine if a GMIP would be reasonable in the individual. One patient from the fail group was removed from analysis secondary to meeting these criteria. In the failing group, the average difference between the easy and the hard subtests was 25.1. Order violations were noted in 63 (45%) of the patients who failed the WMT (i.e., higher scores on more difficult tasks relative to easier ones). The WMT profiles in those failing the measure were thus more similar to individuals simulating impairment than to those with genuine memory deficits.
When the sample was divided into MEB and non-MEB/clinical evaluation contexts, there was a significant difference in WMT failure rates. Of the 117 members of the sample undergoing an MEB, 63 (53.8%) failed the WMT. Of the 218 members of the sample completing neuropsychological evaluation for non-MEB/clinical purposes, 77 (35.3%) failed the WMT (x 2 ¼ 10.7, p ¼ .01). As time since injury was significantly different between the evaluation context groups, the influence of this variable was examined via logistic regression. Although evaluation context was significant in predicting WMT performance, B ¼ 20.71, Wald (1) ¼ 8.52, p , .01, time since injury was not a significant variable in the model, B ¼ 20.01, Wald (1) ¼ 1.57, p ¼ .21. As such when accounting for time since injury, the MEB group continued to fail the WMT at a significantly higher rate relative to the non-MEB/clinical group-model x 2 (2, N ¼ 335) ¼ 11.3, p , .01. Table 3 summarizes the descriptive statistics, analysis of variance results, and effect sizes (Cohen, 1988) for the domain-specific neuropsychological test scores in those passing and failing the WMT. Tables 4 and 5 Regarding self-report psychological measurements, Table 6 summarizes the descriptive and inferential statistics including effect sizes for the individual PAI scales and validity subscales of interest in those passing and failing the WMT. The PAI sample size was 333, with 194 passing the WMT and 137 failing the WMT. Tables 7 and 8 show the same comparisons for the MEB and non-MEB/clinical subsamples. Given the multiple comparisons, a Bonferroni correction was applied with the resulting a set at 0.003. When the entire sample was evaluated, the NIM and Malingering Index scores were significantly higher in the WMT fail group, with medium and small effect sizes, respectively. Nine clinical scales showed significant elevations in the WMT fail group relative to those who passed the WMT. Among those completing an MEB evaluation, there was no difference between those passing and failing the WMT on validity indices. There was also little divergence on clinical scales, with only two scales showing significant differences as a function of WMT performance. Among study participants being (Green, 2003) . evaluated in a non-MEB/clinical context, relative to study participants who passed the WMT, those who failed the WMT had significantly higher scores on the NIM and Malingering Index scales with medium effect sizes. Seven of the PAI clinical scales examined were also elevated in the WMT fail group and demonstrated medium effect sizes.
Discussion
The current study sought to extend the existing literature on Symptom Validity Testing in the military context. Overall, approximately 42% of the sample failed the WMT. However, a significantly higher failure rate was revealed in those undergoing a neuropsychological evaluation as part of a pending MEB (54%), relative to those who were seen in a non-MEB/clinical context (35%). Such a difference highlights the importance of the immediate evaluation context when considering the likelihood of SVT failure in an active duty sample. The non-MEB/clinical group's failure rate is not dissimilar from the Armistead-Jehle and Hansen (2011) study that showed up to a 30% failure rate in their sample of active duty service members that were not involved in high-level officer training. Moreover, Nelson and colleagues (2010) demonstrated a 59% failure rate on the VSVT (Slick et al., 1996) in veterans involved in a forensic-type C&P evaluation, and Young, Kearns, and Roper (2011) reported a 71% failure rate on the WMT in C&P evaluations. These groups may be very comparable with the current sample of active service members undergoing an MEB evaluation as proximal secondary gain can reasonably be considered a factor in both groups. Armistead-Jehle (2010) showed a 58% failure rate in veterans seen in a clinical context. However, it has been highlighted that in the current VA system (where a claim for service connection can be made at any time), the distinction between clinical and forensic type evaluations can be difficult to make (Armistead-Jehle, 2010; Armistead-Jehle & Hansen, 2011) . As such, the failure rate exceeding 50% seen across veteran samples and the current group of active duty service members immediately involved in an MEB may be a reasonable baseline in these types of evaluations.
As with previous research, the current study demonstrated remarkable effect sizes across neurocognitive ability measures as a function of SVT performance. In the sample as a whole, the magnitude of these effect sizes was most notable across measures of attention, processing speed, and memory. Although significant differences were still demonstrated on measures of verbal and visual reasoning, effect sizes were smaller. Such a finding suggests that measures tapping attention, processing speed, and memory are more susceptible to the effects of suboptimal effort. When the sample was divided into those completing an MEB evaluation and those seen in a non-MEB/clinical context, effect sizes remained prominent across attention, processing speed, and memory composite scores. In the non-MEB/clinical group, significant differences and small to medium effect sizes were also evidenced across the verbal and visual reasoning composite scores. In the MEB group, there was not a significant difference on the verbal reasoning composite. The failure to note an influence of effort on measures of crystallized intelligence in those failing effort measures was also reported by Whitney, Shepard, Mariner, Mossbarger, and Herman (2010) . Here, the authors demonstrated that Wechsler Test of Adult Reading (PsychCorp, 2001) scores were not influenced by SVT performance in a group of military veterans. The reason for such a relationship is not entirely clear. As suggested by Whitney and colleagues, it may be that the examinees perceive such tasks as measures of "intelligence" and may have thus been more highly motivated to perform well on these tasks. Future studies employing simulated malingerers may aid in the clarification to this question. Regarding motor skills, given that the average scores for both those failing and passing the WMT in the non-MEB/clinical subsample were in the low average range and the sample sizes of those administered measures of motor skills were relatively small, this finding may be secondary to limited variability and a type II error. Regardless of these nuanced differences, the main finding that performances across neurocognitive ability measures in an active duty military sample are greatly impacted by SVT performance is consistent with the findings of Lange and colleagues (2012) . The current study can also be taken to extend these findings as individuals evaluated in the Lange and colleagues work were seen on average 3.9 months post-injury, whereas the time since injury in the current data comprised predominantly of patients with a history of mild TBI was 30.5 months. There appears to be a wide range of SVT failure rates across the various studies in veteran and active duty military samples. The search for underlying factors that influence this variability may be of import when seeking to accurately quantify base rates. In conjunction with the Nelson and colleagues (2010) and Young and colleagues (2012) studies, the current findings suggest that of those veterans and active duty service members assessed in the immediate context of a potential compensation seeking examination (i.e., MEB or C&P), SVT base rate failure exceeds 50%. However, base rates in the active duty samples seen in non-MEB/clinical contexts appear lower with ranges between 19% and 35% (Armistead-Jehle & Hansen, 2011; Lange et al., 2012) . As such, when considering a military population, efforts to make a distinction between veteran and active duty samples as well as between active duty samples undergoing and not undergoing an MEB may be of import. Future research in this area will be necessary to verify this conclusion, which is admittedly based on relatively few studies.
Regarding self-reported psychological symptoms, in the sample as a whole those who failed the WMT had significantly elevated NIM and Malingering Index scale scores, with medium and small effect sizes, respectively. Nine clinical scales showed significantly higher scores in the WMT fail group, with effect sizes generally in the medium range. In those undergoing an MEB, there were no differences on PAI validity scales as a function of WMT performance; however, both the NIM and Malingering Index were elevated relative to the non-MEB/clinical sample who passed the WMT. While such a finding may be taken to suggest that as a group, there is some degree of over-reporting in those service members who present for an evaluation in the context of a pending medical board, it is important to note that mean NIM and Malingering Index scores were below the cut scores suggested by Morey (1991 Morey ( , 2003 to be indicative of over-reporting. However, the large standard deviations across these scores (Table 7) suggest a notable degree of variance. Among those seen in a non-MEB/clinical context, there were significant differences across PAI validity scales with the indication that those who failed the WMT were prone to overreport. In this group, seven clinical scales met statistical significance between the WMT pass and fail group, with generally medium effect sizes demonstrated. As a whole, these data could be taken to suggest that those who fail cognitive effort measures may be prone to exaggeration of self-report psychological symptoms as well. This conclusion would be consistent with Lange and colleagues (2012) and Jones and colleagues (2012) , as well as a number of studies conducted with civilian samples (i.e., Gervais et al., 2004 Gervais et al., , 2008 Iverson et al., 2010; Larrabee, 2003a Larrabee, , 2003b Suhr et al., 2008; Wygant et al., 2007) . However, other researchers have not found such an association between cognitive effort measure performance and self-reported psychological symptoms (Armistead-Jehle, 2010; Demarkis et al., 2008; Haggerty et al., 2007; Sumanti et al., 2006) . It is of import to note that within the current data, the effect sizes of WMT performance on cognitive effort measures were generally much greater than those of psychological symptom self-report measures. Consequently, given the somewhat conflicting literature in this area, one might conclude that failure on cognitive effort measures is much more strongly related to cognitive ability measure performance than to the exaggeration of psychological symptoms. Such a statement appears to be supported by the myriad data consistently showing a strong association between SVT failure and poor neurocognitive performance (e.g., Constantinou et al., 2005; Fox, 2011; Green et al., 2001; Green, 2007; Lange et al., 2010; Moss et al., 2003; West et al., 2010) , relative to the marginally discrepant literature comparing poor SVT performance to the exaggeration of psychological symptoms. This statement is also consistent with the concerns articulated by Bush and colleagues (2005) , indicating that invalid performance on measures of cognitive symptom validity do not allow for an a priori conclusion that personality test results are also invalid. Future research may be able to identify select subgroups where this relationship is more clearly defined.
Limitations in the current study include select issues of statistical power and external validity. More specifically, the sample was not a diagnostically pure group in reference to neurological insult or psychiatric diagnosis and there were insufficient cell sizes with select diagnoses to evaluate test performances as a function of this variable. Future investigations evaluating how diagnostic variations may have influenced results would be useful to this line of investigation. Additionally, the vast majority of this sample was men and Caucasian which can limit external validity. Replication of the current findings in military samples of greater demographic heterogeneity will be of importance. Another limitation in the current study was the reliance on a single SVT to determine adequate effort. Although the WMT is generally considered a sensitive instrument, the use of multiple SVTs in future research studies could result in more robust findings.
In sum, the current study extends the research literature in the domain of effort testing in the military population. The data highlight the difference in SVT failure rates between neuropsychological examinations in MEB and non-MEB/clinical contexts (with WMT failure at 54% and 35%, respectively) and thus provides support for the Nelson and colleagues (2010) study demonstrating the importance of the clinical context in SVT failure rates. The pervasive influence of effort on neurocognitive test performance was also demonstrated. In the current study, this finding was consistent across the MEB and non-MEB/clinical subsamples and overall was in concert with Lange and colleagues (2012) and a number of previous investigations. Although the current data tended to show significant differences in PAI validity and clinical scales across those who failed and passed the WMT, the effect sizes were smaller relative to those on neurocognitive measures.
The study provides additional support for the importance of Symptom Validity Testing in this patient population. Given the apparent base rates of SVT failure in military samples involved in both medical boards and clinical care, suboptimal effort on neuropsychological testing within this population appears to be a relatively frequent occurrence. Those who fail SVTs are likely to have falsely depressed performances on measures of neurocognitive ability and may have artificially elevated scores on measures of psychological and emotional functioning. Such results could easily lead to inaccurate diagnoses, unnecessary treatment recommendations, and ultimately misguided clinical conclusions. Routine administration of Symptom Validity Testing can substantially aid in the reduction of these potential clinical missteps.
